It has been suggested that the tricarboxylic (Krebs') cycle does not operate as such in skin but that instead a pyruvate-succinate 'shunt' takes place. This hypothesis is based on negative evidence in that Barron, et at (1) found that neither citrate nor a-ketoglutarate caused any increased oxygen uptake when added as a substrate to rat skin slices respiring in vitro. In addition, Barron, using the method of Adler, et at (2), did not find any isocitrie dehydrogenase activity in skin. Griesemer and Gould (3) obtained a stimulation of respiration of homogenates of rat skin from a-ketoglutarate but not from citrate. Cruickshank, et at (4) showed that citrate caused transitory stimulation of guinea pig ear skin slices and that a-ketoglutarate was without effect.
evidence in that Barron, et at (1) found that neither citrate nor a-ketoglutarate caused any increased oxygen uptake when added as a substrate to rat skin slices respiring in vitro. In addition, Barron, using the method of Adler, et at (2), did not find any isocitrie dehydrogenase activity in skin. Griesemer and Gould (3) obtained a stimulation of respiration of homogenates of rat skin from a-ketoglutarate but not from citrate. Cruickshank, et at (4) showed that citrate caused transitory stimulation of guinea pig ear skin slices and that a-ketoglutarate was without effect.
Recently, however, Lowry (5) developed an extremely sensitive method for the estimation of isocitric dehydrogenase activity in rabbit brain and with his permission and advice, we have used this method (as yet unpublished) to reinvestigate the isocitric dehydrogenase activity of human epidermis.
METHODS
The method is based on the fact that, in the presence of manganese, isocitric dehydrogenase (ICDH) will transfer hydrogen from sodium isocitrate to the oxidized form of triphosphopyridine nucleotide (TPN), forming reduced triphosphopyridine nucleotide (TPNH) and oxalosuccinate. The TPNH produced by this or other enzymes may be measured with a spectrophotometer at 340 mit. However, the fluorometric method devised by Lowry (6) Frozen dried sections of skin and skin appendages were prepared for some experiments in the manner adapted for skin by Hershey and Mendle (5) after the method of Lowry (9) . From such unstained sections (Fig. 1) individual samples of epidermis, dermis, hair follicle, sebaceous gland, and sweat gland weighing 0.5 to 5 micrograms may be dissected under a microscope and weighed on a quartz fibre "fish-pole" balance.
The buffer substrate mixture which gives optimum conditions for the reaction is shown in Table I . Table II shows the effects of omitting each constituent of the reaction mixture. In the absence of isocitrate and TPN no reaction occurs. For optimal activity manganese is necessary and when it is omitted very low activity is obtained. When versene 0.05 mM/i. is also added to the ments caused no loss of activity, so it would seem that for skin, nicotinamide is not necessary. Fig. 2 and 3 respectively show the effect of incubation time and tissue concentration on activity and demonstrate that within the ranges used the rate is directly proportional to these factors. Fig. 4 error of This mean level of isocitric dehydrogenase in skin was almost one-third of that found for rabbit brain (5). Table III shows the isocitric dehydrogenase activity of various parts of the skin. It will be seen that with the exception of one estimate of epidermis and one of sebaceous gland, the reproducibility is good.
The epidermis and its nppendages are quite active. The activity of sebaceous gland is considerably higher than that of epidermis and hair follicles, Which is lowest. Clearly there is little activity in the dermis, corresponding to its relative acellularity.
DIscussIoN
This investigation was undertaken primarily because Barron's failure to demonstrate isocitric dehydrogenase and the fact that citrate and aketoglutarate did not consistently stimulate respiration of skin in vitro, gave rise to speculation as to whether the Krebs' cycle functioned in skin. Recently, alternative pathways of citrate and isocitrate utilization have been shown in micro-organisms (12) . We have been able to show that isocitric dehydrogenase is indeed present in human skin. Although aconitase and a-ketoglutarate dehydrogenase have not yet been demonstrated, the presence of isocitric dehydrogenase makes it unnecessary to postulate other pathways for citrate utilization in skin. In the epidermis the activities found may be compared with those of other enzymes measured in similar material. For example, Hershey, et al (8, 10) have shown that lactic dehydrogenase, succinic dehydrogenase, fumarase and malic dehydrogenase are highly active in epidermal homogenates and in sections cf frozen and dried epidermis and epidermal appendages. Other enzymes and other pathways may subsequently be demonstrated, but it is now apparent that the Krebs' tricarboxylic cycle can operate in skin as in other mammalian tissues, and is highly active.
The micromethod has the advantage of permitting localization of the enzyme in various parts of the skin. When comparing activities of the homogenates and sections it should be remembered that the section data are based on a dry (frozen-dry) weight. Assuming, however, that the wet weight/dry weight ratio is of the order of about 3.5:1(11) the activities obtained for homogenates are almost 70 per cent of the activity of sections of epidermis.
The high values for sebaeeous gland are also of interest because another TPN linked enzyme system, the aerobic or direct oxidation of glucose by glucose-6-phosphate dehydrogenase is more active in sebaceous glands than in other skin structures (8) .
The isoeitric dehydrogenase (ICDH) of some mammalian tissues shows slight activity with DPN, but only one-twentieth to one-thirtieth of the activity showR with TPN (13) . The TPNlinked ICDH has been partially separated and it shows other differences in p11 optima, etc.
Estrogen has no effect on the TPN-linked system (14) . If a DPN-linked ICDH is present in epidermis its activity is less than one-twentieth of the TPN enzyme. Further investigation of this problem is necessary. SUMMAEY 1. An extremely sensitive and reproducible method is described for measuring the isocitric dehydrogenase activity of skin.
2. The method has been used for homogenates of human epidermis and for fragments of skin appendages weighing 1.0 to 5.0 micrograms dry 
